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Letter .ofAc..eptailci.

October 13, 1994

Dear Colleague:

On behalf of the project National Advisory Council, we are pleased to forward

this report, "Engineering Education For A Changing World" to the ASEE Engi-

neering Deans Council and the engineering education community at large for

consideration and action.

We live in an era when the explosion of technology makes society increasingly

dependent upon the quality of the engineers it produces. And just as govern-

ments undergoing tectonic changes and industry is altogether restructuring

itself, it is rime to address the adequacy of engineering education to meet the de-

mands of the 21st century. We believe it is important to establish a few key action

items that engineering colleges and their industrial, academic and governmental

partners can use as a guide for reform and as a measure of progress. While many

engineering colleges have already begun restructuring their programs, this report

will help extend that effort to the wider community.

With the end of the Cold War, we have seen a rapid redirection of federal, in-

dustrial and public priorities and resources toward civil concerns. To be success-

ful in this dynamic environment, engineering graduates need more than first-rate

technical skills. They must also be able to work in teams and communicate well.

Equally important, they must be able to view their work from a systems ap-

proachacross disciplines and within the context of political, international, and

economic considerations.

To educate such graduates, engineering colleges must develop and strengthen

partnerships v:di industry, government and the broader educational communi-

ty. University leaders must provide support for these efforts. Likewise, industry

must become more involved in the education of their current and future engi-

neers. Governments, at every level, should encourage partnerships and foster ed-

ucational experimentation and innovation. In sum, partnerships are the key to

ensuring U.S. engineering education is relevant, attractive and connected to its

clients and stakeholders and to the nation at large.

Ict



The National Advisory Council commends the project co-chairs, the task

group chairs and all those who contributed to this report. The report, however, is

but the first of many steps. We stand ready to participate in the implementation

of the action items and urge the entire engineering education community to do

the same.

44941,--
Norman R. Augustine

Chairman and CEO

Martin Marietta Corporation

National Advisory Council Co-Chair

Charles M. Vest

President

Massachusetts Institute of Technology

National Advisory Council Co-Chair
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October 13, 1994

Dr. Eleanor Baum

Dr. Earl Dowell

Dr. John McTague

Dear Eleanor, Earl and John:

On behalf of the Engineering Deans Council, it is my pleasure to accept the

report "Engineering Education for a Changing World." The National Advisory

Council, the task groups and the project board have produced an appropriate
challenge for engineering schools and their leadership. I am confident of a posi-

tive response in the near term. A number of the recommendations are currently
being implemented by some schools and some of the recommendations are
being implemented by many.

Toward a longer view, the foresight of the National Science Foundation in
sponsoring this study and establishing the engineering education coalitions has
truly set the stage for change in response to the challenges we face.

Engineering education programs are the most examined and responsive in
higher education. Our partnership with industry and government is a tradition
well represented in the report and action plan. While some may seek drama and

immediacy in plans for change, our record shows that a careful plan, a partner-
ship approach and an informed constituency are key elements to progress. Your
study has followed this approach and produced a fine plan in a brief time scale
without precedent. Many studies begin; most take a much longer time and fewer

are finished. Congratulation.
Engineering schools are seeking appropriate outcomes assessment. The Ac-

creditation Board for Engineering and Technology has revised the general pro-

gram criteria to accommodate needed changes. Thr. professional societies are ex-

amining the international challenge and ecor. r mic competitiveness. U.S.
engineering education is the best in the world but to remain so it must respond

to many of the recommendations in your report. U.S. industry and government

expect no less. Our students deserve even more.

Thank you and all our colleagues who participated in the project for setting
the stage for appropriate opportunity. The ball is now in our court.

Sincerely,

M
Winfred M. Phillips, Chair

ASEE Eagineering Deans Council

.

. Letterfrorn Engineering Deans',



.00.116,

IL PPST COPY AVAiT.A111.P
- ,

A

IA

1.4T1
r'Jt;`,47 ui

tip4 T.

'4";

,

`4 ,11111.

I

.
,:.

- .."-r IN 'T.,'



ENGINEERING EDUCATION

FOR A CHANGING WORLD

9

A Joint Project by the

Engineering Deans Council

and

Corporate Roundtable

of the

American Society for

Engineering Education

October, 1994

Rao 004 moray of U.0.4 a/ Waconen-Moken



Preface;

The idea for this project originated last year at a joint meeting of the ASEE En-

gineering Deans Council Executive Committee and the ASEE Corporate
Roundtable. Norman Augustine, Chairman and CEO of Martin Marietta Cor-

poration and Chair of the Corporate Roundtable, suggested that with the end of

the Cold War, engineering education needed a new set of guiding principles to
replace those that had been developed following World War II. Rather than a

world based largely on superpower competition and national security, engineers

now faced a world of intense international economic competition and wide-

spread public uncertainty about the uses of technology.

In response to this cnallenge, the ASEE Engineering Deans Council and the
Corporate Roundtable held a planning meeting in November, 1993, and devel-

oped an outline for the project. Since other studies of engineering education
were ongoing, it was agreed that along with writing a short, action-oriented re-

port, the project would do two things: focus on "partnerships" as a critical ele-

ment in m2king change and produce a specific, feasible plan for implementation

following release of the report. To provide guidance and oversight for the project,

MIT President Charles Vest agreed to co-chair a national advisory council with

Norman Augustine.
A two - Jay workshop was held in February, 1994, to examine key issues in en-

gineering education. The meeting was built around the work of five task
groupseach assigned to look at a different aspect of the issueswhich were
made up of deans of engineering, corporate executives and government agency
representatives. Based on the mports and recommendations of those task groups,
the Project Board developed a draft report. It focused on areas we felt could make

the biggest difference in helping engineering colleges meet the challenges of the

new world of engineering.
We sent out the draft report to the workshop participants, every dean of engi-

neering, the ASEE Corporate Roundtable members and members of the project
National Advisory Council. We were gratified by the enthusiastic response to the

report; the comments were thoughtful and constructive and many have been in-

corporated into the report. It was also encouraging to learn that many engineer-

ing colleges already have been re-examining their colleges' mission and programs,

and plan to use the study report to facilitate that pro( ess.
In June, we presented an outline of the report to an overflow crowd at a mini-

plenary session at the ASEE annual conference. The resulting discussion showed

us how important these issues were to engineering educators and how wide-

spread was the view that engineering colleges needed to make significant change.

ei



To promote further discussion, the report will be made available on the Internet.

With publication of the report, we now look ahead to the implementation
phase of the project. Over the next few years, the ASEE Engineering Deans
Council will lead the effort to assess what engineering colleges are doing to effect

change, refine the action items of the report, and set milestones for assessing fu-

ture progress toward their implementation. We look forward to broad participa-

tion in that task.

Earl Dowell

Dean of Engineering

Duke University

0.11.414.."ADA- 6 Cs...A.kevy......,

Eleanor Baum
Dean of Engineering

The Cooper Union

"wiz-
John McTague
Vice President, Technical Affairs

Ford Motor, Company

eta. iii.
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While engineering education in the United States has served the nation well,

there is broad recognition that it must change to meet new challenges. These

challenges include the need to attract a greater diversity of students, as well as the

shift from a technology policy strongly focused on national security to one aimed

more diffusely at international economic competitiveness, communications and

sustainable development. Moreover, with technology playing a growing role in

both professional and public policy decisions, it is important that engineers be

prepared to participate actively in decision making processes.
Engineering education programs must be RELEVANT, ATTRACTIVE and CON-

NECTED:

RELEVANT to the lives and careers of students, preparing them for a broad

range of careers, as well as for lifelong learning involving both formal programs

and hands-on experience;
Ai 1 RACTIVE so that the excitement and intellectual content of engineering

will attract highly talented students with a wider variety of backgrounds and ca-

reer interestsparticularly women, under-represented minorities and the dis-

abledand will empower them to succeed; and
CONNEC t ED to the needs and issues of the broader community through in-

tegrated activities with other parts of the educational system, industry and gov-

ernment.
In response to these needs, engineering colleges around the country are experi-

menting with new approaches to teaching and learning, developing innovative

ways to recruit and retain students from under-represented groups and seeking

new educational and research relationships with industry. We believe such efforts

can he strengthened and extended to the broader engineering education communi-

ty through a national effort of identifying key action items and following up on their

implementation. A key eiement in the success of these efforts will be partnerships:

partnerships not only with industry, but with K-12 schools, community colleges,
the broader university community, government, and among engineering colleges.

The Project. The aim of this project is to take recommendations from other
studies of engineering education, combine them with recommendations from
the workshop conducted as part of the present study, and develop a short series of

policy statements and a few key action items. Each of the action items focuses on

partnerships. Over the next few years, the ASE Engineering Deans Council will

assess the accomplishments of engineering colleges toward reaching these goals,

further refine the action items, and establish a series of milestones for measuring

future progress within the engineering education community.

1 ii

Executive Summary
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A. Individual Missions For Engineering Colleges

I. Every engineering college should identify the con-
stituencies it serves, establish a clear vision, define its
mission through a conscious examination of the
school's current activities and comparative advantages,

and then set future strategic directions.

2. Within the context of the overall institutional vision,
every engineering educational program should be dri-

ven by a periodically-reviewed planning process. This

process should identify the program's objectives and

lead to a specific plan, with milestones, for accomplish-
ing them. Internal and external reviews of each engi-
neering education program, which should include in-
dustrial participation, should encourage progress
toward meeting those stated objectives.

B. Re-Examining Faculty Rewards

3. As each institution establishes its vision and charts new

directions, it should ensure that its faculty reward sys-
tem supports the institutional goals.

C. Reshaping the Curriculum

4. While recognizing and encouraging diverse institution-
al missions and changing industry needs, colleges of
engineering must re-examine their curricula and pro-

grams to ensure they prepare students for the broadened

l2

130

world of engineering work. This process has begun
among most engineering colleges and must be acceler-

ated with the aim to incorporate:
team skills, including collaborative, active learning,

communication skills,

leadership,

a systems perspective,

an understanding and appreciation of the diversity of

students, faculty and staff,

an appreciation of different cultures and business

practices, and the understanding that the practice

of engineering is now global,

integration of knowledge throughout the

curriculum,
a multi-disciplinary perspective,
a commitment to quality, timeliness and continuous

improvement,
undergraduate research and engineering work

experience,

an understanding of the societal, economic and

environmental impacts of engineering decisions, and

ethics.

D. Lifelong Learning

5. Federal agencies that fund education should help uni-

versities and their industrial partners identify creative
approaches to lifelong learning by funding pilot pro-

jects and experiments.

6. Engineering colleges should create innovative advanced

degree programs, including practice-oriented degrees.
Such degree programs might include course material on

engineering systems; finance and accounting; technology

policy; management and decision-making. Courses
should feature team-based activities and case studies. In

some instances, engineering schools will develop such

degree programs in collaboration with business schools

and industry.

14



7. Engineering colleges, in collaboration with industry;
should develop innovative ways of providing continuing

education to practicing engineers by instituting non-de-
gree, career-enhancing programs. This will be facilitated

by new communications technologies.

E. Broader Educational Responsibility

8. Each engineering college, in cooperation with local in-
dustry, should partner with at least one local school at
the K-12 level. The aim is to improve mathematics and
science instruction, provide role models, and give stu-
dents and teachers a greater understanding of engineer-

ing's role in society.

F. Personnel Exchanges

9. The federal government, in partnership with engineer-
ing colleges and industry, should develop a national
program to foster creation of "industrial professorships"
in engineering colleges. Financing might include tax in-

centives for industry.
10. Each engineering college, or group of colleges in a re-

gion, should develop reciprocal personnel exchange
programs with local and regional corporations. Com-
panies and engineering colleges should encourage par-
ticipation in these exchanges by providing incentives to
individuals who are selected to participate. These part-
nerships must also focus on meeting the real needs of
both corporate and university participants, and feature
a variety of exchange modes, including industrial pro-
fessorships and university sabbaticals in industry.

G. Across-the-Campus Outreach

11. Engineering deans should actively encourage their fac-

ulty members to participate in research, educational
and leadership activities beyond the engineering col-
lege. Industrial advisory board members should stress
cross-campus interaction in their recommendations to

5

the college. Activities should include connections with
such units as the schools of business, medicine, arts, sci-

ences and education.

12. Engineering deans and faculty should actively encour-

age students to participate in university-wide activities.

These activities can include participation in student
government, student professional societies, athletics,

performing arts, study abroad and similar activities.
The aim is to promote leadership and communications
skills, as well as a sense of the integration of engineering

into the broader world. _

13. Engineering deans should take responsibility for help-
ing non-engineering majors on their campuses better
understand the importance and relevance of technolo-
gy in their lives, and seek to better equip those students

to prosper in an increasingly technological world. Engi-

neering schools may develop specific courses, seminars,

guest lectureships and cross-campus projects.

H. Research/Resource Sharing

14. Federal agencies that fund research and education
should explore ways of encouraging educational institu-
tions, research organizations, federal laboratories and
industry to share resources. They should provide special

consideration for funding projects that are developed
by consortia of institutions.

15. Federal funding of science and technology should be al-

located in open competition, based on peer review.

16. To enhance technology transfer and industry-university
research partnerships, universities, industries and feder-

al agencies should develop flexible and negotiable poli-

cies governing intellectual property rights.

The policy statements and action items developed in this
project are intended to help ensure that engineering education
will be RELEVANT, ATTRACTIVE and CONNECTED well into

the 21st century

13



ENGINEERING EDUCATION

FOR A CHANGING WORLD

-Project.Report

Introduction
We live in a time of revolutionary change. Not only is the world relying in-

creasingly on technology for economic growth and job development, but die na-

tion is making the difficult transition of refocusing a significant amount of its

technology investment from national security to international economic com-
petitiveness. At the same time, we view technology as important in helping solve

many difficult societal problems, from creating environmentally-sustainable de-

velopment and improving communications, to devising more effective and cost-

efficient health care systems. Communications developments alone are leading

to profound redefinitions of such concepts as "community," "library," "corpora-

tion" and even "university."
Within this technological context, engineers play an ever more significant role.

They develop new manufacturing processes and products; create and manage en-

ergy; trarsportation and communications systems; prevent new and redress old

environmental problems; create pioneering health care devices and, in general,

make technology work. Through these activities, engineers create a huge potential

for the private sector to develop national wealth. As noted by Richard Morrow,

past chairman of the National Academy of Engineering, "the nation with the best

engineering talent is in possession of the core ingredient of comparative economic

and industrial advantage.'" And just as important as their specific technical skills,

engineers rece re valuable preparation for a host of other careers in such areas as fi-

nance, medicine, law and management. These professions requireanalytical, inte-

grative and problem-solving abilities, all of which are part of an engineering edu-

cation. Thus, engineering is an ideal undergraduate education for living and
working in the technologically-dependent society of the twenty-first century.

Responding to Changing Needs

One of the strengths of engineering education in the United States is the
broad spectrum of engineering colleges whose development has been uncon-
strained by a single, centrally-prescribed mission. The more than 300 colleges of

engineering range from highly research intensive institutions to those that focus

largely on undergraduate education, with many variations in between. Even with

the considerable differences in missions, undergraduate engineering education
programs maintain universal core curriculum content and minimum standards

through the Accreditation Board for Engineering and Technology (ABET), a na-

tional partnership between academics and practicing engineers. Additionally,
most engineering schools have forged close relationships with industry arid bene-

s
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fit from annual assessments of their programs by external advisory boards that

have strong industry participation.
While U.S. engineering education has served the nation well, there is broad

recognition that it must change to meet new challenges. This is fully in keeping

with its history of changing to be consistent with national needs. Today, engi-
neering colleges must not only provide their graduates with intellectualdevelop-

ment and superb technical capabilities, but following industry's lead, those col-

leges must educate their students to work as part of teams, communicate well,

and understand the economic, social, environmental and international context
of their professional activities. These changes are vital to the nation's industrial

strength and to the ability of engineers to serve as technology and policy decision

makers. Most important, engineering education programs must attract an ethnic
and social diversity, of students that better reflects the diversity of the U.S. and
takes full advantage of the nation's talents. Not only does the engineering profes-
sion require a spectrum of skills and backgrounds, but it should preserve its his-

torical role as a profession of upward mobility.
In response to these needs, engineering colleges throughout the country are

experimenting with new approaches to curricula, re-thinking traditional teach-
ing modes, and developing innovative ways to recruit and retain students from

under-represented groups. The largest and potentially most revolutionary effort

is led by the consortia of colleges funded by the National Science Foundation's
Engineering Education Coalitions program. These national engineering college

consortia each include a variety of schools ranging from predominantly under-
graduate institutions to the most research intensive. The consortia are working

to redesign curricula and improve teaching methodologies, each offering a differ-

ent perspective and strategy. While it is too early to gauge the success of the coali-

tions, they exemplify the engineering education community's leadership and
willingness to adjust to change. We applaud and encourage these efforts, but also

stress the importance of including partnerships with industry and government in

reformulating engineering education.

Studies of Engineering Education

Given the national importance of engineering education and the major
changes taking place in higher education and society, it is no surprise that in re-

cent years engineering education has stimulated a variety of thoughtful reports.

For example, in the late 1980s ASEE published the major study, "Quality of En-

gineering Education," and the ASEE Engineering Deans Council produced spc-



cific reports on the supply of engineering faculty and students. In 1991, the Na-
tional Academies' National Research Council (NRC) created a Board on Engi-
neering Education, which has conducted a wide-ranging study of the future of
engineering education.' The Board's work has included a series of hearings
throughout the country and has had a valuable influence on this project.

Those studying engineering education have proposed many ways to make en-

gineering programs more relevant and cost-effective for all students, as well as

more attractive to historically under-represented groups. Their recommenda-

tions have created an environment for change and experimentation.

The Action Plan

The aim of this project is to evaluate recommendations of previous studies,
combine then with the recommendations of the workshop conducted as part of
the present study, and then develop key action items based on a series of policy
statements. Because certain key changes in engineering education will be most

effective if implemented with the aid of all sectors of the community, this project

focuses on action items that require partnerships. Some of the action items are
short-term, others longer-term; none is necessarily easy to accomplish. Over the

next few years, this project will further refine the action items, assess the accom-

plishments of engineering colleges toward those goals, and establish a series of mile-

stones for measuring future progress within the engineering education community.

In today's world and in the future, engineering education programs must not

only teach the fundamentals of engineering theory, experimentation and prac-
tice, but be RELEVANT, ATTRACTIVE and CONNECTED:

RELEVANT to the lives and careers of students, preparing them for a broad
range of careers, as well as for lifelong learning involving both formal programs

and hands-on experience;
ArritAcrivE so that the excitement and intellectual content of engineering

will attract. highly talented students with a wider variety of backgrounds and ca-

reer interestsparticularly women, under-represented minorities and the dis-

abledand will empower them to succeed; and
CONNECTED through partnerships and integrated activities with K-12

schools; community colleges; the full breadth of the university; local, regiDnal
and national communities; industry and government.

Engineering colleges' ability to make their programs both relevant and attrac-

tive will depend, to a large extent, on how well they connect their programs to all

community sectors, that is, on how w..11 they build partnerships.
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Focusing On Partnerships

While engineering deans are principally responsible for leading engineering

education, they work in partnership with rheir faculties, presidents, senior uni-

versity administrators, and often, with industry representatives. Such partner-
ships must also extend to elementary and secondary schools, the broader univer-
sity, the local community, government and other engineering colleges, and build

even closer ties to industry. These sectors make up the broad constituency of en-

gineering education. Collaboration with these groups ensures the vitality and rel.

evance of engineering programs, and enables the sharing of resources in a fiscally-

constrained era. Ultimately, engineering collegeslike their successful

counterparts in industry must he part of a seamless system that links all of their

constituents in education, industry and the broad public community.

Action Items
A. Individual Missions For Engineering Colleges. Following the expan-

sion of government resources for university research after World War II, many
universities and their engineering colleges aspired to the model of the "research-

intensive" university. This model focused on developing research excellence in
scientific and engineering fields, and on creating research-oriented doctoral de-

grees. While not all universitiesand engineering colleges adopted the research-in-

tensive model, many have viewed it as a standard of excellence.

The world now demands new models. There is greater competition for feder-

al research finding, with fewer current employment opportunities for new, re-
search-oriented PhDs. The nation is shifting the focus of engineering work and

research from a heavy emphasis on national security needs and space exploration

to a more applications-oriented focus on economic growth and environmental

preservation. Moreover, burgeoning communications technologies are enabling
engineering schools to expand their reach and accessibility, and to experiment

with alternate modes of teaching and learning.
This shift creates new opportunities for redesigning curricula and programs,

expanding relationships with industry and educating students who are both

technically capable and broadly sophisticated.
These developments have also created a new opportunity for engineering col-

leges to re-define themselves and to even develop specific niches within the
broader engineering education community. While retaining a unified core of
knowledge, engineering colleges must become more "context-based," that is,

more relevant to the needs of their constituents..



To accomplish this redefinition. each engineering collegeincluding the
dean, faculty and administrators, in concert with the partners discussed previ-
ouslymust identify the constituents it serves, assess the school's activities, iden-
tify its comparative advantages, and develop an institution-specific vision. Then,

from that visior, the engineering school must articulate its mission.
The need will continue for schools that educate engineers with sound funda-

mentals to practice the profession. But a variety of models in engineering educa-

tion will result from the process of schools re-examining their individual missions.

For example, some colleges may opt to combine elements of traditional technol-
ogy-based engineering education with a strong emphasis on broader skills such

as written and oral communication, management, economics and international

relations. This type of program would aim to prepare individuals for technological

decision-making and policy setting as well as for non-engineering professions.

Other engineering colleges may choose to become more like "professional"
schools, preparing students for professional engineering practice through the
master's level. Such programs would model themselves after schools of law and
medicine, in which engineering practitioners from industry would work on-site,

providing clinical training and assistance. Unlike the other models, however, that

of the engineering professional school would continue to incorporate undergrad-

uate as well as graduate education.

As some engineering schools are already doing, the practice-oriented master's
degree could be the result of a five- or six-year program that incorporated a four-

year bachelor's degree. This type of master's program is particularly attractive to

high-technology industries that want engineering graduates who understand
basic management, manufacturing, large-scale systems engineering and leadership.

An issue is whether industry will fund such programs in significant measure, as
they now support Master's in Business Administration degrees for their engineers.

Still other engineering colleges may decide to focus on PhD-related research

and preparing graduates for research and teaching careers. This decision must be

taken with the full understanding, however, that the nation's support system for
research is changing and there will likely be fewer research positions available
through industry, the federal government and academe.

Engineering education needs these and other models, combinations of mod-
els, and more. No one model suits every engineer or every organization that engi-

neers serve. This diversity in the engineering educational system encourages cre-

ativity and satisfies the varied interests and needs of employers and students in

the United States and abroad.
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1. Every engineering college should identify the constituencies it serves, estab-

lish a clear vision, define its mission through a conscious examination of the

school's current activities and comparative advantages, and then setfuture

strategic directions.

2. Within the context of the overall institutional vision, every engineering
educational program should be driven by a periodically-reviewed planning

process. This process should identify the program's objectives and lead to a specif

is plan, with milestones, Jr accomplishing them. Internal andexternal reviews

of each engineering education program, which should include industrial partic-

ipation, should encourage progress toward meeting those stated objectives.

B. Re-Examining Faculty Rewards. In whatever way an engineering college

defines its mission, to be successful, it must ensure its faculty reward system sup-

ports its goals. Faculty members often face the difficult task of trying to balance the

several activities they need for professional advancementsuch as research and
undergraduate teachingwith a host of new activities their colleagues, students
and the public expect them to accomplish. These can include curricula develop-

ment, inter-disciplinary collaboration, work with industry, development of con-

tinuing education programs, community outreach and mentoring of other faculty

members and students. As engineering colleges develop institutional missions, they

have an opportunity to re-craft their faculty reward system to better synchronize

faculty rewards with their new, or re-affirmed, institutional expectations.
Changing the faculty reward system will not be an easy task. Faculty rewards

are heavily driven by incentives created across the entire university and are part of

a nationwide network. Nevertheless, it is important that rewards reflect the goals

of the institution and it is important to begin the conv'mation now.

.3. As each institution establishes its vision and charts new directions, it

shoz,V ensure that .ts faculty reward .system supports the institutional goals.

C. Reshaping the Curriculum. Through its accreditation process, the U.S.
engineering education system has continually re-examined and re-energized the

engineering curricula. Engineering fundamentals have been and will continue to

be the core of me engineering curriculum. But because engineers now operate in

a world where their accomplishments are often more limited by societal consid-

erations than by technical capabilities, they are engaging in a wider range of ac-

tivities throughout their professional lives. Thus, engineering education must
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take into account the social, economic and political contexts of engineering prac-

tice, help students develop teamwork and communication skills, and motivate
them to acquire new knowledge and capabilities on their own. Because many
modern engineering projects require a combination of several disciplines, stu-
dents also need exposure to the integrative field of systems engineering. In
essence, an engineering education today aims to prepare an engineer to be suc-

cessful in the changing workplace. It aims to equip students with technical
knowledge and capabilities, flexibility and an understanding of the societal con-

text of engineering.
Engineering schools should not seek to develop these contextual and process

skills through separate courses, but by incorporating them into existing curricula

and through non-classroom activities. Coursework should feature multi-discipli-
nary; collaborative, active learning and take into account students' varied learn-

ing styles.
One factor that will promote development of students' process skills is wide-

spread use of multi-media, world-wide information networks. Using this re-
source, students can access new information and coursework, as well as interact

with other students, researchers, practicing engineers in industry and govern-

ment, and experts from around the world. These changes in the teaching and

learning environment will make engineering education more attractive to both
students and faculty, if faculty are given the opportunity to stay up-to-date.

Finally, all engineering colleges must address the issue of ethics. While ethics is

a complex and difficult topic, engineering administrators and faculty must help

students understand that throughout their careers they will encounter ethical is-

sues which they will need to recognize and deal with rationally. Whether engi-

neers are conducting engineering research, managing a company, or building
bridges and office buildings, their decisions affect the lives and property of the

greater community. Students must understand the importance of upholding that

public trust.

4. While recognizing and encouraging diverse institutional missions and

changing industry needs, colleges ofengineering must re-examine their curricula

and programs to ensure they prepare their students for the broadened world of

engineering work. This process has begun among most engineering colleges and

must be accekrated with the aim to incorporate:

team skills, including collaborative, active learning,

communication skills,

22
21



S.

22

leadership,

a systems perspective,

an understanding andappreciation ofthe diversity ofstudents, faculty

and staff,

an appreciation ofdifflrent cultures and business practices, and the

understanding that the practice of engineering is nowglobal

integration ofknowledge throughout the curriculum,

a multi-disciplinaryperspective,

a commitment to quality timeliness and continuous improvement,

undergraduate research and engineering work experience,

an understanding ofthe societal, economic and environmental impacts of

engineering decisions, and

ethics.

D. Lifelong Learning. Employment practices among major corporations are

changing dramatically; few future engineers will experience lifelong employment

with a single corporation or organization. Many may perform professional work

as consultants or serve as contract employees on specific projects. To adapt to this

new work environment, engineering graduates must understand that career-long

learning is their own responsibility and must acquire the skills for self-learning.

Although many engineering colleges offer continuing education, such programs

ti
are often degree-oriented and constrained by the academic-year cycle.

To be relevant to new graduates, as well as to practicing engineers at every

stage of their careers, engineering colleges must re-think and re-package continu-

ing education programs. They should focus their offerings on providing students

with new capabilities, as well as degrees. Courses should take various forms

with some targeted to business and financial managementand be adaptable to

the time constraints of working engineers. In this regard, it will be crucial that

continuing education programs take full advantagz of the evolving National In-

formation Infrastructure (NII).
Industry should require and pay for engineering employees to take courses to

sustain their technological and managerial competence, just as it pays to main-

tain its other assets.

5. Federal agencies that Fund education should help universities and their in-

dustrial partners identib creative approaches to lifelong learning by funding

pilot projects and experiments.
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6 Engineering colleges should create innovative advanced degree programs,

including practice-oriented degrees. Such degree programs might include course

material on engineering systems; finance and accounting; technology policy;

management and decision-making. Courses should feature team-based activi-

ties and case studies. In some instances, engineering schools will develop such de-

gree programs in collaboration with business schools and industry.

7. Engineering colleges, in collaboration with industry should develop inno-

vative u,ays of providing continuing education to practicing engineers by insti-

tuting non-degree, career-enhancing programs. This will be facilitated by new

cor L.runications technologies.

E. Broader Educational Responsibility. The engineering profession has

played a little-recognized but extremely important role in providing upward mo-
bility for generations of young people. There is now a major opportunity for the

profession to do the same for under-represented minorities, women and the dis-
abled. But engineering differs from most other professions in that one must
make the decision early in secondary school to preserve the option to become an
engineer. Engineering colleges must reach out and connect to K-12 schools in
their communities to ensure that students, particularly in middle school and
high school, have the information they need to make informed decisions about

an engineering career. Engineering colleges should view this outreach as a part-

nership with school administrators and teachers, as well as with local industry.
Joint activities might include developing summer and evening courses for teach-

ers on-campus or at a local corporate facility; forming a speakers' bureau; provid-

ing mentors; and offering laboratory classes taught by faculty, engineering stu-
dents and corporate engineers. Activities should focus on needs expressed by
K-12 school administrators and teachers, not just on those activities engineering

educators and their corporate colleagues are presently prepared to provide.

Outreach activities should not only strive to improve mathematics, science
and technology instruction, but to motivate students to consider engineering ca-

reers. These activities are also important for helping all students better under-

stand the implications of technology for society.

8. Each engineering college, in cooperation with local industry should part-

ner with at least one local school at the K-12 level. The aim is to improve math-

ematics and science instruction, provide role models, and give students and

teachers a greater understanding ofengineerings role in society.
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E Personnel Exchanges. Exchang ng faculty, graduate students and engi-

neers from industry and government is one of the most effective ways of promot-

ing technology transfer and ensuring that faculty and students are exposed to en-

gineering practice. Time spent by engineering faculty and graduate students in

industry can enhance transfer of new technologies to industry, r.s well as provide'

practical experience and an understanding of business policies. Time spentby in-

dustry experts in engineering colleges can help make engineering coursework

and research more relevant to actual practice.
At many colleges of engineering, effective personnel exchange mechanisms

are already in place through adjunct faculty positions, student/faculty intern-
ships and cooperative work study programs. However, we believe there is value in

enabling industry executives and technical specialists to spend time on-campus

as full-time faculty members. Rather than simply teaching occasional courses,

these "industrial professors" would participate directly in specific educational

projects. Such projects might, for example, include integrating manufacturing.

design, cost and environmental technology issues into the curriculum.

To be most effective, personnel exchange experiences must be incorporated

into the career plans of top-quality employees. Companies must be willing to

allow those individuals to participate in exchange programs during their active
technical and managerial years without fear of falling off their career tracks. Simi-

larly, engineering colleges must find the means to enable their own faculty to par-

ticipate in such programs without fear of being deflected from their tenureobjec-

tives or losing research support for their laboratories and graduate students. As

one alternative, engineering colleges consider using their sabbatical leave

policies to encourage faculty members to spend time in industry or government.

9. The federal government, in partnership with engineeringcolleges and in-

dustry, should develop a national program to foster creation of "industrial pro-

fessorships" in engineering colleges. Financing might include tax incentivesfor

industry.
10. Each engineering college, or group of colleges in a region, should develop

reciprocal personnel exchange programs with local and regional corporations.

Companies and engineering colleges should encourage participation in these ex-

changes by providing incentives to individuals who are selected to participate.

These partnerships must also focus on matiny the real needs of both corporate

and university participants, and feature a variety ofexchange modes, including

industrial professorships and university sabbaticals in industry.
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G. Across-the-Campus Outreach. Engineering colleges must be more effec-

tive and visible partners within the broader university community. This partner-
ship should be enhanced for non-classroom activities as well as for formal re-
search and education. Engineering colleges, their faculty and students have
much to offer the broader campus community. For example, engineers can pro-
vide the real-world context to show non-engineering students the applications of
the mathematical and scientific concepts they are learning. Engineering educa-

tors and their colleagues in science can also provide leadership in helping their
campuses initiate computer networking and make effective use of the information

super highway. Industry can help foster this cross-campus interaction by bring-

ing multi-faceted problems to the university that require the talents of several dis-

ciplines to solve. Industry representatives who sit on university advisory boards

should also stress this approach in their recommendations to the institution.
Conversely, engineering education programs have much to gain from other

disciplines. New insights can be provided, for example, by chemistry in develop-
ing environmentally-friendly technologies, by political science in teaching the

value of issues advocacy, by art in designing new consumer products, by business

in aiding the understanding of international trade issues and by law in treating
intellectual property rights. Both engineering students and faculty would benefit

from such interdisciplinary collaboration.
Engineers working with other colleagues across the university can also pro-

mote technological literacy for all students. Engineering colleges should accept
responsibility for providing technical literacy programs to liberal arts students.
Activities can include developing and teaching courses that provide laboratory or

design experience for non-engineers, examine the history of science and technol-

ogy, or discuss the interaction of technology and society.

At the same time, student participation in university-wide activities, such as
student government, professional societies, athletics and performing arts can
help them develop the leadership and communications skills that are an impor-

tant part of an engineering education.

11. Engineering deans should actively encourage their faculty members to

participate in research, educational and leadership activities beyond the engi-

neering college. Indus.rial advisory board members should stress cross-campus

interaction in their recommendations to the college. Activities should include

connections with such units as the schools of business, medicine, arts, sciences,

and education.
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12. Engineering deans and faculty should actively encourage students to par-

ticipate in university-wide activities. These activities can include participation

in student government, student profissioruil societies, athletics, performing arts,

debate, study abroad and similar activities. The aim is to promote leadership

and communications skills, as well as a sense of the integration of engineering

into the broader world.
13. Engineering deans should take responsibility for helping non- engineer-

ing majors on their campuses better understand the importance and relevance of

technology in their lives, and seek to better equip those students to prosper in an

increasingly technological world. Engineering schools may develop specific

courses, seminars, guest lectureshipsand cross-campus projects.

FL Research/Resource Sharing. Given the changing direction and magni-
tude of support for research sponsored by the federal government and industry,

coupled with the increased competition from federal laboratories and interna-
tional groups, engineering colleges must look for new opportunities to establish

collaborative research alliances. Some alliances may be local or regional; others

will be "virtual," that is, national or international alliances established through

the emerging global information superhighway.
Regional consortia of engineering colleges, for example, may share research fa-

cilities, teaching laboratories and fawity. Faculty tenure might even reside with a

consortium and not with the individual institutions. Other types of consortia
could combine the resources of universities and industry, universities and federal

facilitiessuch as national laboratoriesor a combination of all three. The aim
is not to create new bureaucracies and expense, but to facilitate high-quality re-

search and teaching that is both effective and efficient.
The National Science Foundation has taken the lead in funding experiments in

research and education resource-sharing and in creation of virtual research and ed-

ucation teams. Such experiments also should be encouraged through the Engi-

neering Research Center (ERC) and Science and Technology Center (STC) pro-

grams. Lessons learned by the NSF Engineering Education Coalitions in creating

virtual research and education teams should be applied to these experiments.

To ensure high-quality research and education, federal funding for science
and technology must be distributed through open competition, based on peer
review. To enhance technology transfer and industry-university research partner-
ships, universities, corporations and federal agencies should ensure they have

flexible and negotiable policies governing intellectual property rights.
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14. Federal agencies that fiind research and education should explore ways of

encouraging educational institutions, research organizations, federal laborato-

ries and industry to share resources. They should provide special consideration

for finding projects that are developed by consortia ofinstitutions.

15. Federal fimding firr science and technology should be allocated in open

competition, based on peer review.

16 To enhance technology transfer and industry-university research part-

nerships, universities, industries and fideral agencies should develop flexible and

negotiable policies governing intellectual property rights.

Engineering education today is adapting to the changing context of engineer-
ing practice, but more can be done to speed and improve the process. A crucial
means of accomplishing needed change is through partnerships with industry,

government and the broader educational communities. The policy statements

and action items developed in this project are intended to help ensure that engi-

neering education will be RELEVANT, Al I RACTIVF. and CONNECTED well into

the next century.
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Related Organizationi grid Studies.:'

Engineering Education Coalitions Used for Reference in Study

ECSEL (Engineering Coalition of Schools for Excellence in Education and

Leadership)The participating universities are the City College of New York,

Howard University, University of Maryland, Massachusetts Institute of Technol-

ogy, Morgan State University, Pennsylvania State University and University of

Washington

Synthesis CoalitionThe participating universities are California State Univer-

ity at San Luis Obispo,Universitv of California at Berkeley, Cornell University,

Hampton University, Iowa State University, Southern University, Stanford Uni-

versity and Tuskegee University:

SUCCEED (Southeastern University and College Coalition for Engineering

Education)The participating universities are Clemson, Florida A&M Univer-
sity/Florida State University, University of Florida, Georgia Instituteof Technol-

ogy, North Carolina A&T State University, University of North Carolina at

Charlotte, North Carolina State University and Virginia Polytechnic Institute

and State University.

GATEWAY CoalitionThe participating universities are Case Western Reserve

University, Columbia University, Drexel University, Cooper Union, Florida In

ternational University, New Jersey Institute of Technology, Ohio State Universi-

ty, University of Pennsylvania, Polytechnic University and University of South

Carolina.

Related Studies in Progress

National Research Council, Committee on Science, Engineering and Public Pol-

icy, "Graduate Education in Engineering and Science"

National Research Council, Board on Engineering Education, "Major Issues in

Engineering Education"

National Academy of Engineering, "Academic Engineering Research in a

Changing World: Issues, Problems and Solutions"

National Science Foundation, "Restructuring Engineering Education: A Sys-

tems Approach to Integrated Curricula"
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